
ABSTRACT

Purpose. Exercise use among patients with cancer has been
shown to have many benefits and few notable risks. The pur-
poseof this studywas toevaluate the impactof ahome-based
walking intervention during cancer treatment on sleep qual-
ity, emotional distress, and fatigue.
Methods. A total of 138 patients with prostate (55.6%),
breast (32.5%), and other solid tumors (11.9%) were ran-
domized to a home-based walking intervention or usual
care. Exercise dose was assessed using a five-item subscale
of the Cooper Aerobics Center Longitudinal Study Physical
Activity Questionnaire. Primary outcomes of sleep quality,
distress, and fatigue were compared between the two
study arms.

Results. Theexercisegroup(n�68)reportedmorevigor (p� .03)
thancontrolgroupparticipants(n�58). Indoseresponsemodels,
greaterparticipationinaerobicexercisewasassociatedwith11%
less fatigue (p� .001), 7.5%more vigor (p� .001), and 3% less
emotional distress (p � .03), after controlling for intervention
groupassignment, age, andbaselineexerciseand fatigue levels.
Conclusion. Patients who exercised during cancer treatment
experienced less emotional distress than thosewhowere less
active. Increasing exercise was also associated with less fa-
tigue and more vigor. Home-based walking is a simple, sus-
tainablestrategy thatmaybehelpful in improvinganumberof
symptoms encountered by patients undergoing active treat-
ment for cancer. TheOncologist2013;18:476–484

Implications for Practice: Regular exercise is a low-cost, low-tech way to boost overall well-being among healthy women and
menofall ages. In this controlledstudy, theauthors foundthatongoingexercisealsobenefitsadults, ages20–80, in treatment for
first-time prostate, breast, and other cancers. A 30-minute brisk walk, 5 days eachweek—all that’s required is a pair of comfort-
able shoes—canhelp reduce theemotional distress and fatigue thatmayaccompanychemotherapy, radiation, andother cancer
treatments,many ofwhichmay often be debilitating. Feeling better promotes getting better. One challenge, however, is for pa-
tients to sustain activity, as adherencewasanongoing issue in the study.Whatmakes the studynotable is thatwhileprior studies
focusedon individualswith specific formsof cancer, this study includedpatientswith different cancers aswell as patients under-
going chemotherapy.

INTRODUCTION

Advances in cancer treatmenthaveextendedpatient survival,
but treatment continues to have a number of immediate and
long-term side effects, including sleep disturbances, emo-
tional distress, and fatigue. Cancer-related fatigue (CRF), de-

finedby theNational ComprehensiveCancerNetworkFatigue
Practice Guidelines as “a distressing persistent, subjective
sense of physical, emotional and/or cognitive tiredness or ex-
haustion related to cancer or cancer treatment that is not
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proportional to recent activity and interferes with usual func-
tioning” [1], is the most frequently reported unmanaged
symptom of cancer patients receiving therapy with a prev-
alence of 50%–100%. Emotional distress and disturbances
in sleep quality are also commonly reported [2–5]. Left un-
treated, these side effects can lead to amarked decrease in
physical activity, muscle and bone mass, cardiorespiratory
fitness, and increased pain, resulting in treatment delay or
drug dose reductions [6]. Both the side effects of treatment
and physical inactivity secondary to treatment can de-
crease physical functioning status and affect quality of life.
Thus, identifying effective, low-cost, easily maintained,
and feasible activities that patients can use to manage
symptoms and maintain functional status is clinically im-
portant.

Physical limitations exacerbated during cancer treatment
may continue beyond treatment completion if no actions are
taken to counteract their effects [7, 8]. In themanagement of
CRF, exercise has considerable support in terms of effective-
ness [1]. Individualized exercise programs have also been
helpful in preserving or improving physical and cardiorespira-
tory fitness either during or after cancer treatment [9–15],
and home-based exercise programs have demonstrated ben-
eficial effects on fatigue, physical functioning, mood, sleep,
and quality of life for these patients [16–18] . However, prior

studies have been limited by focusing on single diagnoses,
usually breast or prostate cancer [12–15], excluding patients
undergoing chemotherapy [19], small samples, or reliance on
supervisedexerciseprograms [19–21]. Toaddress this knowl-
edgegap, theprimaryaimof this studywas to test thehypoth-
esis that participants with solid tumors receiving radiation
and/or adjuvant chemotherapy who participated in a home-
based walking exercise intervention would demonstrate im-
proved sleep quality, better emotional well-being, and lower
levels of fatiguewhencompared toparticipantswhowerenot
offered the intervention.

PATIENTS ANDMETHODS
The study population included individuals aged 21 and older
with new diagnoses of any type of stage I–III solid malignant
tumor who were scheduled to receive either chemotherapy,
radiation, or both at three hospital-affiliated treatment sites.
The addition of other frequently occurring cancer diagnoses
besides breast, prostate, and colorectal cancer in our study
wasdesignedtoachievewiderclinicalapplicabilityof studyre-
sults and include themost common treatments seen in actual
clinical practice (radiation therapy, chemotherapy, and com-
bined modality therapy) [22]. Exclusion criteria included
comorbidities such as metastatic cancer, hematologic malig-
nancies, concurrentmajor health problemsor disabilities that

Figure 1. Consolidated Standards of Reporting Trials diagram.
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would limit participation in an exercise program (e.g., gross
obesity [bodymass index�35kg/m2]), cardiovasculardisease
(e.g., angina, myocardial infarction within last 6months, con-
gestive heart failure), acute or chronic respiratory disease,
and cognitive dysfunction that could preclude the advisability
or safety of a moderate-intensity walking program. Individu-
als who reported exercisingmore than 120minutes per week
were also excluded.

Potential participants were identified from lists in radi-
ation and medical oncology clinics and were screened by
telephone interview based on the inclusion and exclusion
criteria. As detailed in Figure 1 and procedures that have
been previously described [23], 138 participants signed in-
formed consent forms and were randomized to the study
groups. After enrollment and randomization, 12 partici-
pants withdrew, leaving 126 participants who completed
the study.

Following enrollment, participants were randomly as-
signed toeither theusual caregroupor theexercise group.Af-
ter random assignment, baseline information was collected
for participants in both groups including baseline habitual ac-
tivity, fatigue level, emotional distress, and sleep quality. Par-
ticipants’ baseline physical function was also measured by
either a treadmill test or 12-minute walking test, depending
on the study site and participants’ preferences. Test results
from both testingmethods were converted to a standardized
score [23]. After the baseline assessment, the two groups be-
gan their assigned programs, which were prescribed to con-
tinue concurrently with their cancer treatment. Because of
the variety of cancer treatment protocols, the total study du-
rations vary from participant to participant, ranging from 5 to
35weeks. Participants in theusual care groupwere instructed
tomaintain their usual physical activity; participants in theex-
ercise group were given an individualized exercise prescrip-
tion following an initial assessment of physical status and
fitness levels.

Data collection started in October 2002 and ended in Oc-
tober 2006. The study was approved by the Western Institu-
tionalReviewBoard.Written, informedconsentwasobtained
from all participants.

The exercise intervention consisted of the walking pre-
scription, detailed in the booklet, Every Step Counts: A Walk-
ing Exercise Program for Persons Living With Cancer [24]. A
videoemphasizingpoints in thebooklet and standardizing the
teachingwasprovidedtoallparticipants in theexercisegroup.
The exercise program was based on American College of
Sports Medicine (ACSM) guidelines and is consistent with ex-
ercise recommendations for populationswith chronic disease
[25]. The targetedexerciseprescription for theexercise group
was a brisk 20- to 30-minute walk with a 5-minute warm-up
period and a 5-minute cool-down period 5 days per week. Ex-
ercise was prescribed to reach approximately 50%–70% of
maximum heart rate [26, 27]. If participants were unable to
reach this goal, they were instructed to begin with a slower
pace of two sessions of 5–10 minutes per day and gradually
progress to a continuous walk. Exercise participants were
asked to wear pedometers daily throughout the whole study
period and to record pedometer steps on a daily exercise log.
The usual care groupparticipants also completed a daily exer-
cise logbutonlyworepedometers for thefirstand last2weeks

of the study participation period to prevent potential mea-
surement confounding effects, such as having the pedometer
use result in greater exercise involvement. Participants in
both groups were instructed tomail their exercise logs to the
research nurse on aweekly basis.

Instruction for the program took place at the clinical site
where research nurses went through the information with
participants in both groups, including teaching them how to
measure maximum heart rate, but the walking exercise was
implemented at home. Throughout the study period, partici-
pants in both the exercise and usual care groups received
phonecontact fromresearchnursesonabiweeklybasis todis-
cuss physical activity, cancer treatment, side effects, and any
concerns occurring in the previous 2 weeks. For exercise par-
ticipants, adjustments to thewalking prescriptionweremade
according to participants’ reported conditions. Participants
were asked to keepdaily diaries of exercise periodswithpulse
rates, perceived exertion rates, daily fatigue levels, and sub-
jective responses to the intervention (exercise). They were
alsoprovidedwitha listofprecautionsandsigns/symptomsto
report to their studynurses.Potentialbarriers towalkingwere
discussed with participants and workable resolutions were
sought (e.g., during snowyor rainyweather,walking in amall,
large public building, or the hospital just prior to daily radia-
tion therapy). The usual care participants received similar bi-
weekly telephone calls. Usual care participants were asked to
maintain their current levels of activity. For those who re-
ported actively exercising in the previous 2 weeks, their exer-
cise levels were documented by the study nurses, but no
specific exercise advice was offered. Participants in both
groups received usual health care provided by their own on-
cology team.

Adherence to the exercise prescription was defined as
walking at least a total of 60 minutes and at least three ses-
sions weekly for more than two thirds of the total number of
weeks of each participant’s cancer treatment. A daily session
was counted by either one continuous exercise session of
20–30 minutes a day, or two sessions of 5–10 minutes for
thoseunable toachievethe20–30minutespreferredexercise
goal. These criteria are in accordance with guidelines of the
ACSM and National Comprehensive Cancer Network [1, 28,
29]. Usual care participants who walked more than 60 min-
utes/week and participated in more than three sessions
weekly for more than two thirds of their treatment weeks
wereconsiderednonadherent to their studyassignment. Spe-
cific issues related to adherence are reported elsewhere [30].

OutcomeMeasures
Fatigue was measured by the modified Piper Fatigue Scale
(PFS) [31], a22-item10-point Likert-typeself-report scale that
measuresoverall fatigueand fourdimensionsof subjective fa-
tigue: temporal, severity, affective, and sensory. The PFS is a
comprehensive instrument and has reported validity inmany
studiesconductedamongpatientswithcancer [31].Emotional
distress was measured by the Profile of Mood States Scale
(POMS),whichmeasuresparticipants’mental/psychologicalsta-
tus [32]. ThePOMSshortened version, containing 30of theorig-
inal 65 items, is an adjective rating form composed of subscales
thatassesssixemotionaldimensions:anxiety,depression,anger,
vigor, fatigue, and confusion. Sleep disturbance was measured
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by the 21-item Pittsburgh Sleep Quality (PSQI) Scale, which has
documentedvalidity and reliability [33].

Exercise dose was measured using a five-item subscale of
theCooperAerobics Center Longitudinal StudyPhysical Activ-
ity Questionnaire (PAQ), a 15-item scale that assesses degree
of participation in moderate or vigorous exercise activities
during the previousmonth [34]. Five itemswere chosen to re-
flect aerobic activity: walking, jogging, running, swimming,
and biking. The questionnaire assigns metabolic equivalent
(MET)values to the reportedactivities toderiveMEThoursex-
pended per week [35]. Although the focus of the study is on
prescribed walking for the intervention group, some partici-
pants performed other aerobic activities as a substitute for or
as a supplement towalking. As such, these five activitieswere
included as components of the PAQ score and are referenced
as PAQFA. New Horizons Digi-Walker pedometers were used
to confirm thePAQand the exercise logs inwhich participants
in both groups recorded exercise frequency and level [36].
Secondarystudymeasures, cardiorespiratory fitnessassessed
as peak maximal oxygen uptake (VO2), self-reported physical
function, and pain have been previously reported [23]. In the
dose-response analysis, the percent change of peak VO2 be-
tweenprostateandnonprostatecancerparticipantswhenad-
justed for baseline peak VO2 and PAQvalueswas 17.45% (p�
.008). Patients with prostate cancer experienced improved
peak VO2 at a nearly 8% increase, whereas those in the non-
prostate cancer group suffered amore than 9% loss (percent-
ages have been adjusted formodel covariates) [23].

Sample Size Calculation and Statistical Analyses
Based on expectedmedium to large effect sizes reported from
baseline toexercise completion for a studywith similar reported
outcomes [10], the studywas originally powered at�0.80 (� �
0.05)withasamplesizeof60foreachstudygrouptoshowgroup
differences on fatigue. Descriptive statistics were calculated for
thosewhocompletedthestudyandforthosewhowithdrew.The
primary analyses included intent-to-treat (ITT) in which group
comparisons weremade regardless of the degree of adherence
to their assigned group’s protocol. Unadjusted ITT comparisons
ofpre-andpost-testoutcomesbetweenthetwotreatmentarms
weremadewith t tests.

To adjust for the effect of participants crossing over to the
nonprescribed intervention, two types of secondary analyses
wereperformed[30].Wechosetheseanalysesbasedonother
studies in which crossover occurred [7, 37]. A dose-response
analysis evaluated outcomes adjusting for the actual amount
of exercise performed, regardless of group assignment. Re-
gression analyses, controlled for demographics, pretest out-
come score, and exercise level (dose) were conducted to
estimate the effect of exercise treatment on post-test out-
comes.Weeks of treatmentwere also controlled for butwere
not included inthefinalmodelduetotheabsenceof impacton
the outcomes. Although analysis of change frombaselinewas
also performed, there were no significant differences, so the
results are not reported.

Two-tailed tests of significance were performed for all
analyses.AllanalyseswereperformedusingSTATAv10.0(STATA
Corporation, College Station, TX). An analysis of instrumental
variableswithprincipalstratification(IV/PS)usingthesamesetof
outcomes and covariates was performed to estimate the inter-
vention effect among participants who would comply with ran-

domization regardless of the intervention group assignment
[38]. Because of the large number of patientswith prostate can-
cer in this study,whodiffered fromthe restofourparticipants in
terms of cancer treatment and gender and may have experi-
enced fewer treatment symptomsat adifferent level, additional
analyses were performed to evaluate the effect of cancer type
(prostate versusother) on studyoutcomes.

RESULTS
Baseline Characteristics
The final study sample has been described previously [23]. It
included 126 participants who had a mean age of 60.2 years
(range: 28–80years; SD: 10.6) andwerepredominantlywhite
(78.6%), male (61.1%), and partnered (married or cohabiting;
84.9%). The most common diagnoses were prostate (55.6%)
and breast cancer (32.5%); 5.6% of the sample had colorectal
cancer.Participantswereundergoingtreatmentwithexternal
beam radiation therapy (52.3%), chemotherapy (34.9%),
combinedchemotherapyand radiation (7.1%), orbrachyther-
apy alone (5.6%). A demographic table describing the two
groups is provided (Table 1).

Participants who completed the study were compared
with dropouts on age, weight, cancer diagnosis, cancer stage,
cancer treatment, race, and highest education level. Patients
who withdrew had less educational years (14.8 years; SD�3.5)
than those who completed the trial (16.7 years, SD�2.7; p �
.029).Ahigherproportionofethnicminoritieswithdrewfromthe
study (18.1%) thanCaucasians (5.6%;p� .02).Nosignificantdif-
ferenceswerenotedbetweenexerciseandusualcaregroupsex-
cept foreducation, forwhicha largerpercentageof individuals in
theexercise grouphadcollegeexperienceorhigher. Therewere
no significant differences in baseline outcome measures be-
tween the twogroups (Table2).

Reliability ofMeasures
Cronbach’s � for scale reliability was estimated for each out-
come measure with more than one item at the pre- and
postintervention administrations, indicating acceptable reli-
ability of the measures among study participants (Table 3).
Spearman correlation between the post-test PAQand exer-
cise participants’ final 5 weeks of pedometer data was cal-
culated; PAQ results were moderately correlated with
pedometer data (Spearman � � 0.37, p� .002). This shows
reasonable acceptability of the PAQ as ameasure of exercise,
especially because pedometer data were generally underre-
ported based on participants’ reports that they did not re-
member towear the pedometer consistently.

StudyOutcomes

SleepQuality
Sleep quality wasmeasured by the PSQI. Overall, participants
reportedmild sleepdisturbancesatbaseline; however, nodif-
ference between the exercise and usual care groups was
found at this time point. Although all participants’ sleep dis-
turbance increasedslightlyover thestudyperiod, the ITTanal-
ysis (Table 2) showed that exercise group participants (mean:
7.7, SD: 4.2) hadworse sleepquality (p� .015) thanusual care
groupparticipants (mean: 6.0, SD: 3.5) at theendof the study.
However, when adjusted for exercise and baseline outcome
measures, the sleep quality for both groups was not signifi-
cantly different (p� .6; Table 4).
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Emotional Distress
As measured by the POMS total score, the mean emotional
distress for the entire sample was 7.7 (SD: 13.3) at baseline
and did not differ significantly between the two groups (Table
2). Over the cancer treatment period, emotional distress for
participants in both groups increased slightly, ending with an
overallmean emotional distress score of 9.3 (SD: 15.7). There
was no significant difference (p � .37) between the usual
care mean post-test score of 7.9 (SD: 16.3) and exercise
mean score of 10.5 (SD: 15.3); however, the dose-response
analysis showed that participants who exercised more had
less emotional distress (p � .030) than their counterparts
(Table 4).

Fatigue
Using thePFS, themean fatigue score for theentire groupwas
2.7 (SD: 2.3) at baseline, ending with a mean fatigue score of
3.8 (SD: 2.7). In the ITT analysis (Table 2), there was no signifi-
cant difference in fatiguebetween theexercise andusual care
groups. The dose-response analysis (Table 4) indicated that
participants who reported more aerobic exercise, regardless
of group assignment, had significantly lower fatigue scores:
PFS total fatigue (p � .035) and POMS fatigue subscale (p �
.020). At the end of their study period, participants who had
engaged in more aerobic exercise self-reported less fatigue
over the prior week as measured on the PFS past week (p �
.001) than participants who had engaged in less aerobic exer-

Table 1. Comparison of demographic characteristics for intent-to-treat groups

Demographics Total Exercise group Control group p value

n 126 68 58

Mean age (SD) 60.2 (10.6) 59.8 (10.8) 60.6 (10.8) .70

Median age 61 60 62

Sex .84

Female 49 (38.9) 27 (39.7) 22 (37.9)

Male 77 (61.1) 41 (60.3) 36 (62.1)

Marital status .10

Partnered 107 (84.9) 61 (89.7) 46 (79.3)

Unpartnered 19 (15.1) 7 (10.3) 12 (20.7)

Education .04

High school 15 (11.9) 7 (10.3) 8 (13.8)

College 52 (41.3) 35 (51.5) 17 (29.3)

Graduate school 59 (46.8) 26 (38.2) 33 (56.9)

Employment status .59

Full time 60 (55.1) 31 (54.4) 29 (55.8)

Part time 11 (10.1) 5 (8.8) 6 (11.5)

Resigned 30 (27.5) 15 (26.3) 15 (28.9)

Disabled 8 (3.9) 6 (10.5) 2 (3.9)

Leave of absence 4 (3.17) 1 (1.7) 3 (4.4)

Other 13 (10.3) 8 (11.8) 5 (8.6)

Ethnicity/race .20

American Indian 1 (0.8) 0 (0.0) 1 (1.8)

Asian/Pacific Islander 2 (1.6) 0 (0.0) 2 (3.6)

Black/non-white Hispanic 20 (16.4) 9 (13.6) 11 (19.6)

White 99 (81.2) 57 (86.4) 42 (75.0)

Cancer site .55

Breast 41 (32.5) 23 (33.8) 18 (31.0)

Colorectal 7 (5.6) 2 (2.9) 5 (8.6)

Prostate 70 (55.6) 38 (55.9) 32 (55.2)

Other 8 (6.4) 5 (7.4) 3 (5.2)

Treatment .48

Radiotherapy 66 (52.4) 38 (55.9) 28 (48.3)

Chemotherapy 44 (34.9) 24 (35.3) 20 (34.5)

Both 9 (7.1) 4 (5.9) 5 (8.6)

Brachytherapy 7 (5.6) 2 (2.9) 5 (8.60)

Data are n (%) unless noted as in the case of (SD). Student’s t test was performed to compare age between groups. �2 contingency analysis was
performed to compare categorical demographic characteristics.
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cise. Furthermore, exercise participants were also found to
have more post-test vigor (p � .027) as measured by the
POMS vigor subscale, compared with the usual care group
(Table 2). Participants who exercisedmore over the study pe-
riodhadmorevigor (p� .001) than thosewhoweresedentary
(Table 4). IV/PS results were consistent with the ITT analysis
and thus are not reported.

Prostate Versus Nonprostate Participants
Over half of the study participants had prostate cancer; these
participants experienced fewer overall treatment-related
symptoms thannonprostate cancer participants (participants

with breast or colorectal cancer), including better sleep qual-
ity (p � .001), less emotional distress (p � .048), less fatigue
(p� .009), andmore vigor (p� .011) (Table 5).

DISCUSSION
Key findings from this study suggest that patientswhoexercised
during cancer treatment experience significantly less emotional
distress, lessfatigue,andmorevigorthanthosewhowerelessac-
tive. These findings also correspond to self-reported physical
function outcomes previously reported: those participants who
engagedinmoreaerobicexercisewerefoundtohavebetterself-

Table 2. Comparison of treatment groups at baseline and postintervention

Outcome

Baseline Post-test

Usual care Exercise

p value

Usual care Exercise

p valueMean SD Mean SD Mean SD Mean SD

POMS Fatigue 5.1 4.4 4.3 2.8 .225 3.7 4.1 6.7 4.9 .229

POMSVigor (not reversed) 10.2 4.3 9.9 3.8 .717 9.5 4.5 7.7 4.7 .027

POMS Total 8.7 15.5 6.9 11.1 .463 7.9 16.3 10.5 15.3 .374

Piper Total Fatigue 2.4 2.2 2.4 1.8 .917 3.1 2.2 3.4 2.2 .464

Pittsburgh SleepQuality Total 5.8 3.7 6.7 3.9 .199 6.0 3.5 7.7 4.2 .015

Student’s t test assuming unequal varianceswas performed to compare outcomes between intention-to-treat groups. The POMSVigor subscale is
reversedwhen part of the total POMS scale, but not for these analyses.
Abbreviation: POMS, Profile ofMood States Scale..

Table 3. Description and reliability of study outcomemeasures

Outcome Range
Higher score
translation

Type of
score

No. of
items

Pretest
reliability

Post-test
reliability

Reported
reliability

POMS Fatigue 0–20 Extremely fatigued Sum 5 0.78 0.82 0.92 [32]

POMSVigor 0–20 A lot of vigor Sum 5 0.91 0.93 0.65

POMS Total 0–100 Extremely distressed Sum 6a 0.80 0.86 0.93 [32]

Piper Fatigue over past week 0–10 Great deal of fatigue 1 NA NA NA

Piper Total Fatigue 0–10 Great deal of fatigue Mean 4a 0.93 0.91 0.83–0.93 [31]

Pittsburgh SleepQuality Total 0–21 Poor sleep quality Sum 7 0.75 0.73 0.87 [33]

For pretest and post-test reliability, the level ofmissing responses to scale itemswasminimal. A total of 76% of the items pretest and 80%post-test
had nomissing responses. For itemswithmissing responses, the average level of nonresponse across all items/scales (not just those in the table)
was approximately 1.5%.Meanswere calculated based on the number of item responses available.
aItems considered are subscales.
Abbreviation: POMS, Profile ofMood States Scale; NA, not available.

Table 4. Effect of exercise level asmeasured by the Physical Activity Questionnaire on outcomemeasures

Outcome
Maximum
valuea

PAQFA effect (as% of
maximumvalue)b PAQFA effect (95% CI)c p value

POMS Fatigue 20 6% less fatigue �0.12 (�0.22 to �0.02) .020

POMSVigor (not reversed) 20 7.5%more vigor 0.15 (0.06 to 0.23) .001

POMS Total 100 3% less emotionally distressed �0.33 (�0.62 to �0.03) .030

Piper Fatigue past week 10 11% less fatigue �0.11 (�0.16 to �0.06) �.001

Piper Total Fatigue 10 2.5% less fatigue �0.05 (�0.10 to 0.00) .035

Pittsburgh SleepQuality Total 21 NA �0.03 (�0.12 to 0.06) .561
aMaximum value of the outcome (see Table 3).
bPercentage is PAQFA effect divided bymaximumof scale for which p value for post-PAQFA coefficient was�.05.
cRate of change in outcome for change in 10met/hr, adjusted for baseline outcome, age, baseline, and post-test PAQFA.
Abbreviations: CI, confidence interval; PAQFA, Physical Activity Questionnaire (walking, jogging, running, swimming, and biking); POMS, Profile of
Mood States Scale; NA, not applicable.
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reported physical function (p � .037) and less pain (p � .046)
than thosewhowere less active [23]. Participants with a variety
of cancer diagnoses were included, demonstrating that a low-
costandflexiblehome-basedexerciseprogramcanprovideben-
efitsattainable formanypatients.Moreover, anexercisedoseof
at least 60minutes over three weekly sessions most treatment
weekswasestablishedasa feasible goal for patientswith cancer
undergoingactive treatment.

However, as reported in other studies [22, 39], exercise ad-
herence was a challenge in this study. Exercise adherence rates
amongpatientswithcanceronactive treatmenthavepreviously
been reported to be between 62% and 90%, with an average of
78%[22,39,40].Previous literaturehas reportedthat 22%–52%
of control group participants exercised during the study pe-
riod [22, 40]. In this study, there was a noted exercise cross-
over effect in both groups, in which 32.4% of participants
assigned to exercise “dropped out” and 12% of controls
“dropped in” to exercise [30]. Although attention to the con-
trol group, in the form of study nurse contact, may have
increased contamination slightly, it is notable that our con-
tamination rate is actually lower than that reported in other
studies [30]. Lowadherencerateshavethepotential tomaska
small but clinically important effect size, attenuating the esti-
mated effect in the ITT analysis. In a post-hoc power analysis,
the smallest effect size thatwe could havedetected in thePFS
when performing our unadjusted ITT analysis on participants
whowere both adherent to study assignment and completed
studypost-tests is1.79 (power�0.80,��0.05;n�46and51
in the exercise and usual care groups, respectively). Finally,
because we did not have the opportunity to collect or review
information on those patients who refused to participate,
generalizability of findings is limited.

Introduction of prostate cancer treatment advances, such
as intensity-modulated radiation therapy or intensity-modu-
lated helical tomotherapy occurring concurrently with the
study, may have decreased overall side effects of treatment,
particularly due to the largenumberof prostate cancerpartic-
ipants enrolled. This was demonstrated among our partici-
pants receiving prostate cancer treatment who reported
higher sleep quality (p� .001), lower emotional distress (p�
.048), and fatigue (p � .009), along with greater vigor (p �
.011), as shown in Table 5; these improved symptoms, experi-
enced by a high percentage of our study population when
comparedtoparticipants receivingbreastorcolorectal cancer

treatment,mayhave limitedour ability to find statistically sig-
nificant benefits from the exercise intervention.

As therapies improve and patients experience fewer and
less intense treatment side effects, the potential effect attrib-
utable to the intervention is threshold-based due to the small
difference between the control group levels and the most fa-
vorable levels possible. In cases where the observed mean
scores are near the extreme end of an instrument scale, the
possibility for the intervention group to demonstrate a clini-
cally relevant improvement is limited. Furthermore, overre-
porting and underreporting of physical activity can hinder
accurate effect estimation in the dose-response analysis, af-
fecting the ability to detect an intervention effect. Finally, de-
tecting a clinically significant effect size is further complicated
in the presence of nonadherence, a common occurrence in
physical activity trials [5, 30, 41].

Trial strengths include implementation of a sustainable
at-home exercise intervention that can be easily replicated
by patients as well as by researchers in subsequent studies.
Although the literature supporting the benefits of exercise
continues to grow, much of it is restricted to patients with
single diagnoses such as breast andprostate cancer [13–17,
20, 42– 46]. The present study, which included patients
with a variety of cancer diagnoses, including amodest num-
ber of patients with colorectal cancer who have not been
previously included in many exercise trials, adds to a grow-
ing evidence base that a home-based exercise program has
few risks and potential benefit for expanded patient
groups. Benefits may include decreased emotional distress
and fatigue as well as improved vigor which may be attain-
able for solid tumorpatients, regardlessofdiagnosis. Exercise
has been proposed to affect sleep and mood through fatigue
due to the close association of these symptoms [47], and
the improvement of fatigue, mood, and sleep together
have been documented in other studies [48, 49]. Future in-
tervention studies among patients receiving active cancer
treatment should evaluate exercise guidelines specific to
age or treatment type and, possibly, cancer diagnosis.
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